During research [1] on surface modified electrodes (SME), we encountered a remarkable phenomenon in the phase-sensitive (X = 90 °) ac-voltammograms of a cobalt-tetra(p-aminophenyl)porphyrin (CoT(pNH 2 )PP) modified glassy carbon (Cg) electrode. Upon increasing the frequency, a dip arises in the redox peak, exactly at its peak potential (Fig. la) . Further increase of the frequency turns the peak upside down and then forces an increase in this direction. Finally, this peak decreases again (f> 150 Hz) and only the double-layer charging current is observed. This unexpected behaviour could not be explained at first, but simulation of the ac-voltammogram made it clear that this effect is due to the uncompensated (electrolyte) resistance (R u). For this simulation, the equivalent circuit shown in Fig. 2 was used. The current (i) for the phase-sensitive ac-voltammogram, at a detection angle (X) of 90 o, is expressed by Z pp i(X = 90 o ) = ,y,, cos ~t =, cos wt (1) (z') 2 + (z") 2 where c is the modulation amplitude, w the angular frequency, and Y" the imaginary part of the admittance, which is composed of the real (Z') and the imaginary (Z') part of the impedance. For the equivalent circuit used, Z' and Z" are given by
where C d is the double-layer capacity and R u the uncompensated solution resistance, which can be calculated from [2] :
for a disc electrode (diameter d) in the case of a primary current distribution (x 0022-0728/84/$03.00 © 1984 Elsevier Sequoia S.A.
being the specific conductivity). The faradaic resistance (R f) and capacity (Cf), however, depend on the electrode potential as expressed by [3] (quasi-reversible charge transfer):
nZF2AT'Tks 
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The symbols ct, n, F, R, 7", and E have their usual meaning and ks(s -1) stands for the rate constant of the surface reaction. The double-layer capacity (Cd) and the total surface concentration (FT) are determined from the ac-voltammogram at 30 Hz. Substitution of eqns. (2)- (6) into eqn. (1) yields a general expression for the ac-voltammogram, at a detection angle ()~) of 90 °, in which the uncompensated resistance is accounted for. This expression was used for simulation of the measured voltammograms. As can be seen from Fig. lb , the simulations agree very well with the observed changes in the ac-voltammograms upon increasing the frequency (see Fig. la ). This remarkable behaviour primarily results from the uncompensated (mainly electrolyte) resistance (Ru), but is intensified by the faradaic resistance, i.e. reaction rate. No dip-formation occurs when R u = 0. For increasing values of R f (R u ¢ 0), dip-formation occurs at lower frequencies. The best fit of the simulation was obtained for a surface reaction rate constant (ks) of 590 s a. From cyclic voltammetry, a rate constant k s = 24 s-1 was determined [1] . This value is probably too low since it was calculated from the peak potential difference (AEp) which approached = 15 mV and not the expected zero value at low potential scan rates (v) . If the graph cot q~ =f(to) is used for the determination of k s, then not only R u but also C d must be taken into account because the faradaic phase angle (~f) and not the measured phase angle (q~) must be used.
It should also be noted that peak broadening occurs, which is frequency-dependent. This peak broadening, calculated from the simulation, does not completely explain the one experimentally observed, so non-ideal behaviour, as described by Brown and Anson [4] and Murray and co-workers [5] , must still be taken into account. The appearance of a dip in the peak of the ac-voltammogram results, for a certain frequency region, in apparently two peaks, which can be very confusing for interpretation.
A similar phenomenon can be observed if redox species in solution are detected by ac-voltammetry at a detection angle of 90 ° instead of 45 o Phase-sensitive ac-voltammetry should therefore be performed at different frequencies and in combination with cyclic voltammetry to avoid erroneous interpretations.
